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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, Christopher Donald Phillips, a citizen of the United 
States, residing at 81 13 Newells Lane, Portage 49002, in the County of Kalamazoo and State 
of Michigan; have invented a new and useful PRECISION LIGHT EMITTING DEVICE, 
of which the following is a specification. 
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PRECISION LIGHT EMITTING DEVICE 
Technical Field 

The present invention relates generally to a light emitting device and more 
particularly to a precision light emitting device that generates an intense light. 

5 

Background of the Invention 
The demand for increase in the precision of light emitting devices has increased as 
the applications for such devices have become increasingly sophisticated over time. 
Precision light emitting devices are often employed as point light sources in surgical 

10 environments to precisely locate the position of medical instruments in surgical navigation 
applications. Many manufacturing facilities also employ precision point light sources to 
derive position data with respect to the relative position of manufacturing tools. The 
military often use precision light emitting devices to update guidance and navigational data 
pertaining, for example, missile systems. 

1 5 Camras et al., U.S. Patent Application No. 2002/0030194 Al discloses a light 

emitting device including a transparent housing having a solid generally hemispherical 
shape. The light source is bonded to center point of the circle defined by the substantially 
flat surface of the transparent housing. 

Hendrik, U.S. Patent Application No. 2002/0167485 discloses an image display 

20 generator for use in a heads-up display. An array of LEDs are formed on a semiconductor 

layer deposited on a surface, such as for example, glass. A sapphire sheet with a plurality of 
lens each having a solid hemispherical shape is disposed on the opposite surface of the 
glass. The sapphire sheet is aligned so that each LED is aligned with a corresponding 
sapphire lens. 

25 Hsiong et al., U.S. Patent No. 5,366,178 discloses the use of an transparent truncated 

solid hemispherical dome as a protective window for an infrared sensor. 
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Summary of the Invention 
According to one aspect of the present invention, a light emitting device includes a 
hollow truncated spherical housing. The housing is substantially transparent. A light 
source is positioned at a center point of a sphere defined by the spherical shape of the 
housing. 

In accordance with a further aspect of the present invention, a light emitting device 
includes a hollow truncated spherical housing having an inner surface and an outer surface. 
The housing is substantially transparent. A light source, that generates a plurality of light 
rays, is positioned with respect to the housing to minimize an angle of incidence associated 
with each of the plurality of light rays as they intersect the inner surface of the housing. 

Other aspects and advantages of the present invention will become apparent 
upon consideration of the following detailed description. 

Brief Description of the Drawings 
FIG.l is a cross-sectional side view of a precision light emitting device; 
FIG. 2 is an exploded view of the precision light emitting device of FIG.l; 
FIG. 3 is a cross-sectional side view of the transparent housing of FIG. 1; and 
FIG. 4 is a cross-sectional side view of a light source positioned with respect to a 
truncated semi-elliptical shaped reflective surface. 

Description of the Preferred Embodiments 

Referring to FIGS. 1 and 2, a precision light emitting device 10, generally includes a 
substantially transparent housing 12, a light source 14 and a housing base 16. The 
transparent housing 12 is hollow and in the shape of a truncated sphere, preferably a 
truncated hemisphere, terminating in an annular surface 18. 

The light source 14 preferably comprises an infrared light emitting diode (LED). 
The infrared LED used may include a Galium Arsenide LED. However, the use of other 
types of light sources, including but not limited to, other solid state or semiconductor light 
sources, incandescent light sources and laser light sources are also considered to be within 
the spirit of the invention. Also while an infrared light source is described, light sources 
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adapted to generate alternative desired wavelengths are also considered to be within the 
scope of the invention. 

The LED light source 14 is mounted on a mounting pin 19 using a conductive 
bonding agent, such as for example, epoxy. Bonding techniques using other conductive 
5 bonding agents, as are known to those having ordinary skills in the art, may be used to bond 
the LED light source 14 to the mounting pin 19. A second pin 21 is provided to electrically 
couple the LED light source 14 to a power source. 

The housing base 1 6 consists of a hollow generally cylindrical body 20 having an 
upper end 22 and a lower end 24. The upper end 22 terminates in an inwardly extending 
10 flange 26. The transparent housing 12 sits on the inwardly extending flange 26. The lower 
end 24 of the housing base 1 6 terminates in an outwardly extending flange 3 1 . 

In another embodiment, an annular lip may extend upward from the outer boundary 
of the inwardly extending flange 26. The transparent housing 12 may sit within an annular 
recess defined by the annular lip and inwardly extending flange 26. 
15 In another embodiment, an annular ring may extend outward from the outwardly 

extending flange 31. 

It should be noted that while a preferred structure of the housing base 16 has been 
described, alternative housing base structures for supporting the transparent housing 12 are 
also considered to be within the scope of the invention. 

20 Referring to FIG. 3, as mentioned previously, the transparent housing 12 is hollow 

and preferably in the shape of a truncated hemisphere terminating in an annular surface 18. 
The transparent housing 12 preferably comprises a crystalline substance that is able to 
withstand autoclave temperatures, such as for example, sapphire. In alternative 
embodiments, the transparent housing 12 may comprise one of several different materials 

25 including but not limited to glass, quartz, diamond, polymethylmethacrylate, silicone or 
Pyrex glass. 

The transparent housing 12 preferably has a generally uniform thickness that is 
preferably about the same as the width of the inwardly extending flange 26. The transparent 
housing 12 is designed to minimize the loss of light emitted by the light source 14 as it 
30 passes through the transparent housing 12. While a preferred embodiment the transparent 
housing 12 has a generally uniform thickness of about 1.2 mm, the thickness of the 



PATENT APPLICATION 
Docket No. 29997/053 



transparent housing may range from about 1.2 mm to about 12.7 mm without departing 
from the spirit of the invention. The transparent housing 12 has a polished outer surface 32 
and an inner surface 34. While the outer circle defined by the outer edge 36 of the annular 
surface 18 preferably has an outer diameter 38 of about 4.4mm, the outer diameters 38 
5 ranging from about 4.4 mm to about 25.4 mm are also considered to be within the scope of 
the invention. The inner circle defined by the inner edge 40 of the annular surface 1 8 
preferably has an inner diameter 42 of about 3.2 mm but other diameters may be employed 
without departing from the spirit of the invention. It should be noted that while a preferred 
range of inner and outer diameters have been provided for a transparent sapphire housing, 
10 inner and/or outer diameters having lesser and/or greater values are also considered to be 
within the scope of the invention. Furthermore, transparent housings constructed from 
alternative materials may have inner and/or outer diameters having lesser and/or greater 
values. 

Also while a preferred embodiment of the transparent housing 12 has a generally 
15 truncated hemispherical shape, alternative shapes of transparent housing, such as for 

example, variations of a hollow truncated sphere including a hollow hemisphere are also 
considered to be within the scope of the invention. 

The light source 14 is positioned with respect to the transparent housing 12 to 
minimize the angle of incidence as the plurality of light rays generated by the light source 
20 14 intersect the inner surface 34 of the transparent housing 12, thereby reducing the 

refractive effects of the transparent housing 12 on the light rays as they pass through the 
transparent housing 12. Minimizing the refractive effects of the transparent housing 12 on 
the light rays as they pass through the transparent housing 12 typically generates a more 
intense light source. More specifically, the light source 14 is positioned at a center-point, or 
25 a focal point, of a virtual sphere as defined by the spherical curvature of the transparent 
housing 12. 

Referring to FIG. 4, another embodiment of the precision light emitting device 
includes a reflector 44. The reflector 44 is generally bowl shaped having a generally flat 
bottom surface with an outwardly extending angled wall 46. The reflecting surfaces are 
30 preferably gold coated surfaces when using an infrared light source 14. However the use of 
alternative coating agents are also considered to be within the scope of the invention. The 
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light source 14 is positioned between the reflective surface 46 and the transparent housing 
12 such that a substantial amount of the light rays generated by the light source 14 in the 
direction of the reflective surface 46 are reflected back towards the transparent housing 12 
thereby increasing the intensity of the light generated by the light emitting device 10. The 
5 light source 14 is preferably positioned such that its upper surface of the light source 14 is 
about flush with or below the upper edges of the reflector 44. 

While one embodiment of a reflector 44 is shown, other forms of reflective surfaces, 
including but not limited to, the inner surface or a truncated semi-elliptical reflective surface 
46, the inner surface of a hemispherical shaped reflective surface or a planar shaped 

10 reflective surface are also considered to be within the scope of the invention. 

In operation, once the light source 14 is turned on, a plurality of the light rays 
generated by the light source 14 travel in a direction towards either the transparent housing 
12 or the reflective surface 46. The positioning of the light source 14 at the focal point of a 
sphere defined by the curvature of the transparent housing 12 causes the plurality of light 

1 5 rays traveling in the direction of the transparent housing 12 to intersect the inner surface 34 
of the transparent housing 12 at a reduced angle of incidence, preferably approaching a 
normal angle. This permits the plurality of light rays to pass through the transparent 
housing 12 at a substantially normal angle thereby reducing the refractive effects of the 
transparent housing 12 on the plurality of light rays and increasing the intensity of the light 

20 source 14. The plurality of light rays impacting the surface of the reflective surface 46 are 
reflected back towards the transparent housing 12 thereby further increasing the intensity of 
the light source 14. 

Numerous modifications will be apparent to those skilled in the art in view of the 
foregoing description. Accordingly, this description is to be construed as illustrative only 
25 and is presented for the purpose of enabling those skilled in the art to make and use the 

invention and to teach the best mode of carrying out the same. The exclusive rights to all 
such modifications which come within the scope of the appended claims are reserved. 



